Epidemiological studies have implicated systemic inflammation in the development of Alzheimer's disease (AD). However, these observations have been subject to residual confounding and reverse causation. We applied Mendelian randomization approaches to address this. We did not identify any causal associations between serum interleukin (IL)-18, IL-1ra, IL-6, or erythrocyte sedimentation rate (ESR) concentrations and AD. Our findings are limited by the low number of available instruments, though some of those identified (e.g., IL-6) were of sufficient power to indicate true negative results. Taken together, it appears there is no evidence for a causal association between these serum inflammatory cytokines and AD.
| INTRODUC TI ON
Systemic inflammation has been linked to chronic neurodegenerative conditions, such as Alzheimer's disease (AD), in multiple contexts. 1 In epidemiological studies, chronic systemic inflammation has been prospectively associated with smaller brain volumes and poorer episodic memory in later life. 2 In persons living with AD, systemic inflammation-both chronically at baseline and through acute episodes-predicted increased rates of cognitive decline. 3 For individuals without a diagnosis of dementia, episodes of critical illnesses have been associated with cognitive decline in later life. 4 In population samples, individuals reporting symptoms of delirium have shown reduced cognitive performance at long-term follow-up. 5, 6 A number of risk factors for AD, such as educational attainment, physical activity, smoking, hypertension, obesity, diabetes, and depression, have been identified in large population-based studies. 7 Some of these associations may operate via systemic inflammation, though these observations may also be affected by residual confounding. 
| Selecting genetic instruments for inflammation biomarkers
SNPs for inflammation biomarkers were identified using the NHGRI- 
| Instrumental variables analyses in summary data
Two-sample MR was used to estimate the causal associations of each exposure (IL-18, IL-1ra, IL-6, and ESR) 13, [15] [16] [17] [18] All MR-Egger analyses were performed using the mregger package in Stata version 14.
| RE SULTS

| Studies and participants
Genome-wide association data for inflammation markers were included from six meta-analyses or prospective studies with participants of White Caucasian ancestry. GWAS data for IL-18 included 12 736 participants 
| MR analysis
The causal odds ratios (OR) for the association between AD and individual inflammation markers are shown in Table 1 . Using IVW regression, IL-18, IL-1ra, and IL-6 did not appear to be causally associated with AD. Although IVW suggested a significant association for ESR and AD, this estimate was attenuated when horizontal pleiotropy was taken into account, similar to the MR-Egger analyses for IL-1ra and IL-6. The degree of horizontal pleiotropy could not be tested for IL-18 due to the lack of instrumental variables.
| D ISCUSS I ON
In our study, no causal associations were found between serum IL-18, IL-1ra, IL-6, or ESR concentrations and AD. The number of valid, independent genetic instruments for serum inflammatory cytokines available in current published literature is limited. Overall, our findings do not support a causal role for inflammation on risk of
Alzheimer's dementia (see Table 2 ).
A strength of our approach was to use Mendelian randomization to investigate causal associations between serum inflammatory cytokines and diagnosis of AD, minimizing confounding and reverse causation observed in traditional epidemiological studies. We utilized the largest available genetic database for AD, with over 17 000 cases from over 50 000 samples. 19 This study is also sufficiently powered for causal associations between IL-6 and Alzheimer's dementia, and likely powered for IL-18 and AD as suggested by power calculations using concentrations of cytokines reported in the literature (http://cnsgenomics.com/shiny/ mRnd). 20 These suggest that for power of 0.8 and type 1 error rate of 0.05, minimum sample sizes required for IL-6 were 727 to 5137, 21, 22 and from 3657 to 26 678 for IL-18. 23 Power calculations
were not possible for ESR or IL-1ra due to a lack of comparative serum levels in the literature between individuals with and without AD. 24 The main weakness of this study was the small number of genetic instruments for serum cytokines available in the current literature, limiting proportion of variance explained and TA B L E 1 SNPs identified for IL-18, IL-1-ra, IL-6, and ESR from current literature 25 In addition, the precision of AD diagnosis can be improved with better phenotyping, even with simple imaging. On current evidence, however, it appears that causative associations between serum inflammation and AD cannot be demonstrated using this approach.
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